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Characterization of the Proteins of Human Hair and Nail by 
Electrophoresis 
RoBERT C. MARSHALL, B.Sc., PH.D. 
CSIRO, Division of Protein Chemistry, Pa.rlwille, Victoria, A ustralia 
Low-sulfur a nd high-sulfur prote ins from human hair 
and nail w er e characte rized by two-dimensional poly-
acrylamide gel e lectrophoresis. Apparent molecular 
weights (estimated by SDS electrophoresis) oflow-s ulfur 
and high-sulfur proteins were in the ranges 55,500-76,-
000 and 26,500-43,000, r espective ly, but these are prob-
ably higher than the r eal values (12-30% for low-sulfur, 
75-150% for high-s ulfur) because corresponding wool · 
proteins behave anomalously in SDS e lectrophoresis . 
Isoelectric points of the low-s ulfur proteins ranged from 
4.9-5.4. Six low-sulfur and 7 high-sulfur major prote ins 
were common to hair and nail from the sam e individual, 
but each k e ratin contained 1 additional m ajor low-s ulfur 
component which was not common. Variation, presum-
ably of genetic origin, was observed in the low-sulfur 
and high-sulfur prote ins of h a ir and nail. 
Mammalian hard keratins contain a complex mixture of 
proteins arranged in a filament-matrix structure which is sta-
bilized by formation of disulfide bonds [1,2]. B iochemica l stud-
ies of woo l proteins have shown that there are 8 filamentous 
low-s ulfur proteins [2,3] of M,. 45,000-58,000 [ 4], some of which 
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contain microheterogeneity [5]. Interaction studies [6] and 
amino acid sequencing [7) indicate that t he proteins belong to 
two famili es. On t he other hand, t he matrix proteins of wool 
are more heterogeneous, with 40-100 high-sulfur proteins (3-7 
families, M ,. 11,000- 30,000) [2,8-10] a nd about 30 high-tyrosine 
proteins (> 10 families, M,. < 10,000) [11 ,12], alth ough many of 
these components are in minor amounts. In general the low-
su lfur and high-sulfur proteins of human hair and nail resemble 
those of wool [8,13,14], but the extent of the similarity is not 
known because t he human hard keratin proteins have not been 
characterized in as much detail as t he wool proteins [15]. 
E lectrophoresis may be used to characterize proteins, and for 
a complex system two-dimensiona l electrophoresis is particu-
la rly informative especially when the proteins are separated in 
the first dimension according to their isoelectric points and in 
the second dimension according to apparen t M,.s [16). Isoelec-
tric focusing (IEF) has been used in studies of S-carboxymeth-
ylated low-sulfur [5] a nd high-tyrosine proteins [11] , but high-
reso lu t ion isoelectric focusing of S-carboxymethylated high-sul-
fur proteins (isoelectric points pH 3-3.5) has been unsuccessful 
(unpublished resul ts) despite many attempts to generate pH 
grad ients in 8 M urea around pH 3 with either commercial 
a mpholytes or appropriate mixtmes of amphoteric compounds 
[17). It was for this reason t hat other two-dimensional proce-
dures [18,19] were developed in our laboratory to characterize 
keratin proteins. 
As part of our study to increase the knowledge of the huma n 
keratin proteins, t he following aspects are examined in t he 
present paper: (1) Heterogeneity of the proteins is investigated 
by two or more two-dimensional electrophoretic procedures. 
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Apparent M,.s, and where possible isoelectric points, of these 
proteins are determined. (2) The proteins of hair and nail are 
compared by two-dimensional electrophoresis. (3) Genetic vari-
ation in the proteins of t he hard keratins from 4 ind ividuals is 
examined, and these results complement studies of varia bility 
observed previously in the proteins of ha ir [19-22) and nail [20, 
23]. 
MATERIALS AND METHODS 
Origin and Preparation. of Keratin Sample8 
Random scalp hair and fingernail cl ippings were obtained from 4 
individuals (identified as I- IV in the text) who were on norma l cliets. 
The hair samples were washed successively with petroleum ether, 
ethanol, and water , and fina lly air-dried. Nails were washed successively 
with 0.15 M NaCl (24 h), water, and ethanol, then air-dried, a nd fina lly 
grou nd at room temperatUl'e in a micro-Wiley mi ll to 20 mesh. 
Preparation of So luble Proteins 
Keratin samples (3 mg) were extracted under nitrogen fo r 18 h at 
room temperature with 300 ILl of a solu t ion containing 8 M urea, 0.05 
M dithiothreito l (approximate ly 4-5 mola r excess), and 0.05 M Tris (pH 
9.3). The dissolved proteins in a 50-ILl a liquot were radiolabeled at pH 
8 by S-caJ·boxymethylation of a proportion* of the cysteine residues 
with iodo [2-'"C]-acetic acid (6 ILCi). Afte r 10 min at room temperature, 
excess iodoacetate was added to complete the modification of the 
cysteine residu es. Excess iodoacetate remaining a fter 10 min was re-
acted with 2-mercaptoethanol. Full deta ils of the procedu re are given 
by Marsha ll and Gi llespie [19]. 
The solu bili ty of hair from individual I was a bout 70% but the 
solu bili ty for the other ha ir samples was no t determined. T he yield of 
soluble protein from nail samples is 50-80% [23). 
Polyac1y lamide Gel E lectrophoresis 
Radiolabeled protein extracts were exam ined by two-dimensional 
polyacryla mide gel electrophoresis. Three systems were used with the 
fiJ·s t dimensional separation being differen t in each case. Protein sepa-
ration was carried out in 8 M urea at pH 8.9, at pH 3, or by isoelectric 
focus ing, in a Model 155 Bio-Rad appar atus with glass tubes 130 X 3.0 
mm. Second dimensional separation was according to apparent M,. by 
sod ium dodecyl sulfate (SDS) electroph oresis in a s lab gel 140 x 120 
X 1.5 mm using Bio-Rad apparatus Model 220. 
For the separation at pH 8.9, the procedure of D avis [24) was u eel 
except that 8 M urea was incorporated in to the gels. The prote ins (10 
fLl protein extract) we1·e sepa1·ated on polyacrylamide gel rods consisting 
of 10 mm 4% stacking gel and 100 mm 7.5% separation ge l. Th ese gels 
were prepared from a s tock 29.2% acrylamide-0.8% N,N'-methylenebis-
acry la mide solu tion, and polymerized using ammon iu m persulfate. The 
electrophoresis was run at 40 V for a pproximately 18 h un til bromo-
phenol blue tracking dye (loaded on a s imila r gel rod or added to the 
upper electrode buffer) traveled the length of the gel rod. 
For electrophoresis at pH 3, the system reported by Marshall a nd 
Gillespie (19] was used. T he proteins (5 !J.l protein extract a nd 10 ftl 
acid sample solu t ion) were separated on 110 X 3.0 mm 8% polyacryl-
am ide gel rods (acrylamide:N,N'- methylenebisacryla mide 27:1) con-
taining 4.7 M acetic acid and 8 M urea. E lectrophoresis was performed 
toward the cathode at 80 V un til the crystal violet tracking dye traveled 
the length of the gel rod (approximately 18 h). 
lsoelectric foc using was carried out essentia lly as described by Ma r-
shall and Blagrove [5]. First dimensional gel rods contained 5% poly-
acrylam ide (acryla mide:N,N '-methylenebisacrylamide 37:1) , 8 M urea, 
a nd 2% pH 2.5-5 Pharmalytes. T he protein solution (10 ILl protein 
extract+ 20 ILl ac id sample solu tion) was loaded at the acid end of the 
gel afte r prefocusing for 2 h at·400 V, and focusing was cont inued for 18 
hat400 V. 
SDS electrophoresis 'was according to Laemmli [25) and O'Farrell 
[16). Polyacryla mide gel slabs were prepared from a stock 29.2% acryl-
amide-0.8% N ,N'-methylenebisacrylamide solu tion and polymerized 
using a mmonium persulfate. A step-wise acryla micle concentration was 
used as repor ted previously [18,19]). The lower 20 mm of the separation 
gel slab consisted of 15% polyacrylamide while the upper 75 mm was 
10% polyacrylamide. T he first dimensional gel rod was held in place 
• Because a ll cysteine residues should be equally accessible and have 
similar reactivities in 8 M urea, each protein type shou ld conta in a 
simila1· proportion of rad iolabeled residues. 
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above the 20 mm stack ing gel (4 .5% polyacry la mide) by 1% agarose 
(1 6]. Gel rods after electrophoresis at pH 3 were equilibrated for 45 
min with the SDS sample buffer (buffer 0 in (19]) but this eq uilibration 
step was not necessa1·y after isoelectric focusing or pH 8.9 electropho-
resis. E lectrophoresis was performed at 100 V for 1 h, then at 200 V 
un t il the bromophenol blue tracking dye (added to upper electrode 
buffer before commencement of electrophoresis) had t rave led about 10 
mm through the 15% polyacryla mide ge l. Full deta ils of the procedures 
are given by Ma rshall and Gillespie r1 9). 
Afte r SDS electrophoresis, radiola beled proteins were located by 
fluorogra phy [26). The gel was impregnated with 2,5-dipheny loxazole, 
dJ·ied at 70°-90°C under vacuum, and placed in contact with Kodak X-
Omat R fi.lm at -85°C for vaJ·ious t imes (1 9]. 
By using diffe rent t imes of exposure, optimum resolu tion for different 
proteins can be obta ined. It is possible to show only a limi ted number 
of photographs of gel patterns, but in cases where decisions on the 
presence or absence of components are made, a number of differe nt 
exposures were examined. Reproducibili ty of the patte rns was good, 
and patterns from different samples could be eas ily overlaid to deter-
mine corresponding proteins. The pa t tern of spots obtained with the 
rad iolabeling procedure used in the present paper, was the same as 
when the proteins were prepared by convent iona l procedures (see, for 
example, [1 51) and located by Coomassie s tain after elec t rophoresis. 
Det,erm.in.ation. of Apparent M ,.s 
The appar ent M,s of kerat in prote ins were determined by SDS 
electrophoresis. A mixture of '"C-methylated proteins was examined in 
the second dimension of some electrophoretic runs by loading the 
sample in a well (4 mm wide) formed in the agarose by a piece of 
T efl on . The fol lowing prote ins were used as M, standa1·ds: myosin 
(200,000), phosphorylase-b (92,500), bovine serum albumin (69,000) , 
ovalbumin (46,000), carbonic anhydrase (30,000), and lysozyme (14 ,300) 
(radiolabeled mixture obtained from Amersham) . The apparent M,s of 
the keratin prote ins were determined from a plot of log (M, ) against 
distance traveled for the ca libration proteins. 
It should be remembered that M,s determined by SDS gel electro-
phoresis at s ingle gel concentra tions are only apparent values which 
may be influenced by the derivative of' t he protein, the buffer systems 
used, and techniques of the investigators. When wool keratin low-sulfur 
proteins were examined by the pH 8.9-SDS elec trophoretic procedure 
used in the present study, a range of M,.s 50,500-7 1,000 was found, 
compar ed with 45,000-58,000 (4] dete rmined by phys ica l methods. The 
M,.s estimated from SDS electrophoresis of the sequenced [10] S-
caJ·boxymethyla ted wool high-sulfur pro teins IIIB2, IIIAl, IIIA2, IIIA3, 
IIIA8, B2A, and B2B are in the range 28,000-44,000, which are 75-150% 
higher than the real values, a nd the error is therefore much higher than 
that for the low-su lfur proteins (1.2-30%). S ince the compositions of 
hair a nd nail pro teins aJ'e s imila r to those of wool prote ins, the error in 
the M,.s of the human keratin proteins wou ld be expected to be in these 
ra nges. 
Determination of Isoelectric Points 
Isoelectric focusing was carried out as described a bove except for the 
fo llowing cha nges. Radiolabeled prote ins were loaded at the alkaline 
end of a s la b gel (140 X 120 X 0.75 mm). In order to overcome problems 
associated with the dJ·ied gel, the ac ryla mide concentration (7%) was 
higher than that used a bove for isoelectric focusing. Electrode buffers 
did not contain w-ea. After focusing, the pH gradient was determined 
at 20° using a surface electrode (Ingold type, Lot 403-30), measure-
ments being taken at about 1-cm in tervals across the ge l. In order to 
subsequen tly locate these positions, a 4 mm-d iameter gel piece was 
removed a fter each of the pH measurements. Proteins were located by 
fluorography (described above), and the apparent pi va lues were esti-
mated for the proteins identified in the two-dimensiona l electrophoretic 
pa tte rns. The es timated error in pl va lues was about ±0.05. 
Nomenclature of Hair and Nail Proteins 
Baden, Lee, and Kubilus (20] numbered the low-sulfur proteins from 
human hard keratins according to electrophoretic mobi li ties in acryl-
amide gel at pH 8.3, but such a system is unsatisfactory when higher 
resolving techniques are used or genetic variation is observed. Conse-
quently in the present s tudy a nomenclature system based on SDS 
electrophoretic mobili ties is used despi te estimated M,.s being in error, 
especia lly for the high-sulfur proteins. Multiple components having the 
same M,.s are distinguished by their mobi li t ies in the first electropho-
retic dimension. 
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RESULTS 
Characterization of Hair Proteins from One Individual 
T h e proteins of human hair were examined by two-dimen-
sional polyacrylamide gel electrophoresis with t he separation 
in the first dimension taking place either by electrophoresis 
(pH 8.9 or pH 3) or by isoelectric fo cusing, a nd in the second 
dimension by electrophoresis in t he presence of SDS. In t he 
pH 8.9-SDS and pH 3-SDS electrophoretic patterns for hair 
from individua l I (Fig .J.A, B), two distinct groups of proteins 
corresponding to low-surfm and high-sulfur proteins were seen, · 
but there was no evidence for high-tyrosine proteins. The IEF-
SDS pattern (not given) showed only the low-sulfur proteins, 
as t h e isoelectric points of the S-carboxymethylated high-sulfur 
proteins were lower t ha n the pH range generated by the am -
pholytes. N o differences were observed in the electrophoretic 
patterns for h air (and nail) samples from individual I over a 5-
year period (patterns not shown). 
A number of protein spots were resolved in the low-sulfur 
protein group in each of the two-dimensional hair patterns in 
Fig 1. In the pH 8.9-SDS (Fig lA) a nd pH 3-SDS (Fig lB) 
patterns at least 7 low-sulfur protein components were resolved 
with apparent M,s of 76,000, 72,000, 72,000, 64,000, 61,000, 
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60,000, and 55,500 (Table I) , but the exact number of compo-
nen ts was difficult to determine. More than two 72,000-dal ton 
components may exist because the relative proportions of th e 
resolved components varied considerably between the two pat-
terns (Fig lA, B). Also, in th e region labeled as the 60,000-
dalton component, t here were 2 spots (both with the same 
mobili t ies at pH 8.9 and pH 3 but slightly different SDS 
electrophoretic mobilities), but t his resolution was possibly an 
artifact occurring after storage at alkaline pH [3]. In t he IEF-
SDS pattern (no t shown) t he lower M, species were resolved 
into spots (width corresponding to approximately 0.05 pH) 
while the higher molecular species gave rise to smeared regions 
(0.1-0.15 pH) of constan t M,. The apparent isoelectric points of 
the low-sulfur proteins are given in Table I. 
After pH 8.9-SDS (Fig 1A) and pH 3-SDS (Fig 1B) two-
dimensional electTOphoresis, a number of hair high-sulfur pro-
tein spots were resolved . In the pH 3-SDS pattern (Fig 1B) 
there were at least 7 major high-sulfm proteins with apparent 
M,s of 43,000, 38,500, 35,500, 32,000, 32,000, 28,000, a nd 26,500, 
a nd a minor componen t of apparent M, 30,000 (Table I). The 
2 major 32,000-dalton components were not separated by elec-
trophoresis at pH 8.9 (Fig 1A). In the pH 8.9-SDS pattern the 
resolved spots lay approximately on a diagonal which extended 
pH 8·9 
+ 
HAIR App. MW 
( x10 3 ) 
+ 
pH 3 
HAIR 
sos 
.. 
-
Low-sulfur 
+ A 
sos 1 
+ c 
-
E 
NAIL 
~--76·0-­
--72·0--
--64·0--
--60·0--
---ss·s--
\ B 
D 
F 
-
\ 
NAIL 
FIG 1. Fluorograpns of two-dimensiona l polyacry la mide gel e lectrophoretic patterns of the prote ins ti·om human ha ir (A, B) a nd na il ( C-F) 
from individua l I. E a nd F, Fluorographs showing only the high-sulfur protein region which were obtained after longer exposure t imes than C and 
D, respectively . Apparent M,.s were estimated from SDS electrophoresis. First dimension (8 M urea): pH 8.9 (7.5% ac rylamide) (A , C, E), pH 3 
(8% acry lamide) (B, D . F). Second dimension: S DS electrophoresis in a step-wise acry la mide concentration (10% + 15%). 
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TABLE I. Apparent M,.s (SDS electrophoresis) and num ber of defin ite componen ts in the low-sulfur and h.igh -:;ulfur p rotein fractions of 
human h air and n.a.il from individuals I - I V (isoe lectric points of low-sulfur components are a.lso given) 
Apparenl M,. pi 
ha ir nail hair 
Low-sulfur 
76,000 5.0-5.l r," l 2 I 
72,000 5.1,,-5.3 2 2 2 
5.3-5.4 
64,000 4.9 1 
61,000 4.9,, I 0 
60,000 4.9 1 I I 
55,500 5.0 1 2 I 
50,000 5.0,, 0 0 0 
H igh -sulfur 
43,000 1 1 
38,500 1 2 1 
35,500 1 1 1 
32,000 2 3 2 
30,000 0 
28,000 1 
26,500 1 
Indi vidua l 
II Ill 
nail hair 
I 1 
3 2 
I 
0 
I 
2 
0 
1 
2 
I I 
3 3 
0 0 
1 1 
I 
nail 
I 
3 
I 
0 
2 
l 
2 
4 
0 
I 
IV 
ha ir nai l 
I l 
2 3 
J 
I 
0 
2 
0 
J 
0 
l 
2 
0 
I 
2 
I 
3 
0 
I 
"Because of the accuracy of the isoelectric poin t determination, the measured values cannot be quoted to the second place after the decimal 
point, but in those cases where the measured values were approximately eq uaLly between two numbers, a subst:ript "5" is added. 
back to the on gm, this unresolved materia l of lower SD S 
electrophoretic mobili ty corresponding to the heterogeneous 
ul trahigh-sulfur proteins [15]. T he ul trahigh-sulfur proteins 
were difficul t to observe in the pH 3-SD S pattern because many 
of them overlapped th e low-sul fu r and aggregated low-sulfur 
protein regions. 
Comparison of Hair and Na il from One Individual 
T he electrophoretic patterns for nail from individua l I a re 
given in F ig 1C-F. In general these patterns were similar to the 
correspondi ng hair patterns except that hair co nta ined a lar ger 
am oun t of high-sulfur proteins than na il , consistent wi th th eir 
d iffere nt amino acid compositions (simple calculations [23) 
showed that the proportions of high-sulfur proteins in these 
h3ir and nail samples were approximately 50% and 20%, respec-
t ively). Because of the diffe rences in the amoun ts of high -sulfur 
and low-sulfUJ' proteins in na il , fluorographs obtained after 
d ifferen t exposure t imes are given in F ig IE and F. The pH 3-
SDS pattern (Fig 1F) showed that the na il sample contained a 
small amount of low M ,. protein bu t it is not known whether 
t his material is high-tyrosine protein . However the amino acid 
analysis is consistent with the presence of about 4% high-
tyrosine proteins. 
Comparison of two-dimensiona l patterns for na il low-sulfur 
proteins (Fig IC, D ) with th ose for hair proteins (Fig lA , B) 
showed that the major nail proteins were a lso present in ha ir, 
a lth ough in diffe rent relative proportions, bu t the major 61,000-
dalton component in ha ir was not present in na il. In na il , 2 
addit ional minor components were observed. One had an ap-
parent M , of 55,500 (indicated by an arrow in F ig I C ), and the 
other an apparent M, of 76,000 but with a higher electrophoretic 
mobili ty at pH 3 than the m ajor component of the same 
apparent M, (Table I). The isoelectric points of these additiona l 
components were not determined. 
T he two-dimensional patterns of major na il high-sulfUJ' pro-
te ins fo llowing pH 8.9-SD S (Fig lE) and pH 3-SDS electropho-
res is (Fig IF) were similar to the corresponding ha ir patterns 
(Fig lA and B, respectively), al though the relative proportions 
of protein components were different between hair and na il. 
N ail contained additional minor 38,500- and 32,000-dalton com-
ponents (la beled by arrows in F ig 1E and F), presumed to be 
hjgh-sulfur proteins, which were not present in ha ir (Table I ). 
pH3 pH 3 
+ + 
SDS 
+ A B 
FIG 2. Fluorographs of two-dimensional polyacrylamide gel electro-
phoretic patterns of proteins from hu man hair (A) and nail (B) from 
individual II. Only the low-sulfur protein region showing the 55,500- to 
76,000-dalton components is given. First dimension (8 M urea): pH 3 
(8% aery lam ide). Second dimension: SDS electrophoresis in a step-wise 
acrylamide concentration (10% + 15%). 
Variation Among Individuals 
The general charac te ristics of the electrophoretic patterns 
for ha ir and nail samples from individuals II-IV were s imilar to 
those fro m individual I (Fig 1) , although in some cases diffe r-
ences were observed. In con trast to the ha ir ti·om individual I, 
some samples of hair contained material of low M ,. which may 
have arisen from degradation of the normal proteins [19]. 
The minor 76,000-da lton low-sulfur component observed in 
the pH 3-SD S pattern of na il fro m individua l I (Fig 1D ) was 
not present in na il patterns from the other 3 individua ls (II-
IV ), al though in these patterns one of the 72,000-dalton com-
ponents was broadened in the pH 3 direction due to an addi-
t ional component (indicated by an arrow in F ig 2B ). Thjs 
addi tiona l 72,000-dalton component was not presen t in the 
co rresponding ha ir samples (Fig 2A ) (Ta ble 1) , and unexpect-
edly it was not resolved by IEF-SD S or pH 8.9-SD S electro-
phoresis. 
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pH8·9 pH 3 
- + + 
sos 
+ A B 
FIG 3. Fluorographs of two-dimensional polyacrylamide gel electro-
phoretic patterns of proteins from human hair !'rom individual Ill. Only 
the low-sulfur protein region show ing the 50,000- to 76,000-dalton 
components is given. As the patterns do not show similar amounts of 
total protein, the in tensity of the va riant protein indicated by the a.l'l'OW 
is d iffe rent in A and B. First dimension (8 M urea): pH 8.9 (7.5% 
aery lam ide) (A ) or pH 3 (8% aery lam ide) (B ). Second dimension: SDS 
electr ophoresis in a step-wise acrylamide concentration (10% + 15%). 
A variant low-sulfur protein (M,. 50,000, isoelectric point 5.0,,) 
present in the hair and na il samples from individual III, is 
indicated by an an ow in the two-dimensional patterns shown 
in Fig 3. The resolution into 2 spots, as also occurs wi th the 
60 ,000-dalton component, is possibly due to alka line modifica-
tion on storage [3]. 
The minor 30,000-dalton high-sulfur component observed in 
hair and na il samples from individual I (Fig 1B a nd F) was not 
present in the keratin samples from individua ls II-IV. An 
a dditional major 32,000-dalton component which was resolved 
only after pH 3-SDS electrophoresis, was present in the kera tm 
srunples from individua l III but not in those from the other 
individuals (Table I) . The absence of this component in the 
h a ir pa ttem from individual I is indicated by the a rrow in Fig. 
l B . 
DISCUSSION 
The most extensively studied a nd useful derivative of keratin 
pr oteins is the reduced and S-carboxymethylated protei.n. It is 
unfortunate tha t this derivative often gives a large d1fference 
betw een the sequence M,. and apparent M,. estimated from SDS 
elect rophoresis at a single gel concentration. This is especially 
tru e for the high-sulfur proteins where enors of 75-150% have 
been found , and even in the case of the low-sulfur proteins 
error s of 12- 30% can be expected. It is impossible to make 
corrections to the app>1rent M,.s because small cha nges in amino 
acid sequence can cause a significant difference to the apparent 
M ,., for example the homologous wool high-sulfur protein com-
pon e nts IIIA1 and IIIA8 (M,. 16,000) differ in only 7 of the 1~ 1 
residues [10] bu t the M,.s estimated from SDS electrophoresiS 
were 28,000 and 35,000, respectively. 
Previously, human low-sulfur proteins have been resolved by 
electrophoresis into 4 [20) or 5 major components [23]. The 
component numbered 3 in these studies has been further re-
solved into 2 components in the present study with different 
appa rent M,. s (76,000 and 72,000) , this increased resolution 
be ing du e to the use in the second dimension of the discontin-
uo u s SDS buffer system. The apparent M,.s of the huma n 
ker a tin low-sulfm protein components, as estimated by SDS 
gel e lectrophoresis, range from 55,500-76,000, which is slight ly 
PROTE INS OF HUMAN H AIR AND NAIL 523 
higher t han that found for the wool low-sulfur proteins (50,500-
71,000) under similar condi tions. An addi t ional low-sulfm pr o-
tein with an appar ent M,. of 50,000 was present in hair and nail 
samples from one individual, and, on t he basis of other studies 
[19,20,23), this variant protein would be expected to occur in 
about 10% of the population. The isoelectric points of the ha ir 
and naillow-sulfm protein components, were in the range 4.9-
5.4, similar to that for the wool proteins (4.7- 5.4) [4]. Also like 
the wool low-sulfur proteins [ 4], th e 50,000- to 64,000-dalton 
huma n keratin components sh owed lit tle dispersion in isoelec-
tric points whereas each of the 72,000- to 76,000-dalton com-
ponents gave a broadened band appar ent ly containing com po-
nents of the same M ,. but encompassing a range of isoelectric 
points. 
The apparent M,.s of the ha ir and na il high-sulfur proteins 
were in the range 26,500-43,000, similar to th ose found for the 
wool proteins (28,000-44,000) . At least 7 major proteins were 
common to hair and nail samples, and nail contained additional 
minor components of apparent M,. 38,500 and 32,000. Keratin 
samples from one indiviual contained an addi t ional component 
wi th a M,. of 30,000, while in the keratin samples from another 
individual there was an addi tional 32,000-dalton component 
which corresponds to a major area of variability (designated as 
6a in [19]) recognized previously for ha ir proteins [19]. T his 
addi tional 32,000-dalton high-sulfur protein component most 
likely corresponds to t he major variant high-sulfur protein 
found in some na il samples in a prev ious study [23) where 
electrophoresis was carried out at pH 2.6 in 3 M urea a nd t his 
variant protein moved with much higher mobili ty in the fin;t 
dimension. However, comparison of the present electrophoretic 
pa tterns with th ose obtained previously [8,23] is difficul t be-
cause of the differences in the condi t ions used for the first and 
second dimensions, and because the low SDS electrophoretic 
mobility components (ult rahigh-sulfur proteins) do not separate 
completely from the low-sulfur proteins. 
Genetic variat ion in the low-sulfur and high-sulfur proteins 
of ha ir [19- 22) and na il [20,23] has been r epor ted previously in 
the population but the resul ts from the recent study [19] of hair 
samples from 7 individuals spanning 3 generations of a family, 
and the present study, indicate that t he variabili ty is probably 
more extensive than originally thought. The full extent of the 
variabili ty will come only after the proteins from the keratins 
from a large number of individuals a re examined. 
In previous studies of mammalian hard keratins [13-15), it 
was shown that the constituent proteins of human ha ir and nail 
were the same although the re lative propor t ions of protein 
components were different. T he present study, which used more 
highly resolving electrophoresis, confirmed this finding for the 
major high -sulfur proteins present in ha ir a nd na il from the one 
individual. H owever, although 6 major low-sulfur components 
were common to hair and nail , ha ir contained an addi t iona l 
component of apparent M,. 61,000, and nail either a 72,000- or 
a 76,000-dalton additional component. This is the first repor t of 
noniclentity of low-sulfur proteins in the different hard keratins 
produced by t he one individual. It will be interesting to see 
whether the two-dimensional methods reveal similar differences 
for the ha rd keratins fr om other mammalian species. 
The author thanks Dr. J .M. Gillespie and Dr. E.F. Woods fo r helpful 
discussions, Dr. C. M. Roxburgh for performing the amino acid analyses, 
and Miss. M.J . Davis for technical assistance. 
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Effe-cts of Glucocorticoids on the Beta-Adrenergic Adenylate Cyclase 
System of Pig Skin 
HAJIME liZUKA, M .D., PH.D., AND AKIRA 0HKAWARA, M.D., PH.D. 
Department of Dermatology, A sahihawa M edical College, Asahihawa, Japan. 
Effects of glucocorticoids on the epidermal beta-adre-
nergic adenylate cyclase system were investigated. 
Long-term incubation of pig skin slices in RPMI 1640 
medium resulted in the gradual decrease in the epineph-
rine-induced cyclic AMP accumulations of skin. The ad-
dition of hydrocortisone (100 J.tM) in the incubation me-
dium prevented this decrease, and after 24- and 48-h 
incubation, there was a marked difference in beta-adre-
nergic responsiveness between control and hydrocorti-
sone-treated skin. The study using other steroid hor-
mones revealed that this effect on the beta-adrenergic 
system was relatively specific for glucocorticoids. Hy-
drocortisone, prednisolone, dexamethasone, and beta-
methasone-17-valerate were shown to have marked ef-
fects on the beta-adrenergic system, while androstene-
dione, testosterone, dihydrotestosterone, progesterone, 
estrone, and beta-estradiol had no effect. Cortisone and 
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estriol were shown to have similar but weaker effects 
than hydrocortisone. The effect of glucocorticoids was 
also relatively specific to the beta-adrenergic system, 
since there was no significant difference in adenosine-
or histamine-induced cyclic AMP accumulations of skin 
after long-term incubation with and without hydrocor-
tisone. 
The mechanism of this glucocorticoid action does not 
seem to be through the simple protection of the beta-
adrenergic system of the skin, since the addition of hy-
drocortisone in the incubation medium at 24 or 48 h 
incubation time, when the epinephrine-induced cyclic 
AMP accumulation was considerably decreased, re-
versed the epinephrine unresponsiveness of the skin, 
after the additional 24-h incubation. Furthermore, the 
effect of hydrocortisone was inhibited by 3 different 
kinds of inhibitors : (a) progesterone, an inhibitor of 
intracytoplasmic glucocorticoid receptor binding; (b) ac-
tinomycin D, an inhibitor of messenger RNA (mRNA) 
synthesis; and (c) cycloheximide, an inhibitor of protein 
synthesis at the translation step. 
These results are in accordance with the view that 
glucocorticoids affect the beta-adrenergic system of ep-
idermis by a mechanism requiring mRNA and protein 
synthesis possibly through the intracytoplasmic gluco-
corticoid receptor system of epidermis. 
